Objective: The aim of this study was to determine the most efficacious hand-specific questionnaire to determine functionality in patients with carpal tunnel syndrome. Methods: The study included 89 patients who underwent open carpal tunnel release surgery within three years prior to the study. A visual analog scale was used to assess the intensity of pain and paresthesia symptoms. Each participant completed the Boston Carpal Tunnel Questionnaire (BCTQ), the Michigan Hand Outcome Questionnaire (MHQ), the quick form of the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, and the Duruoz Hand Index (DHI). The BCTQ, pain and paresthesia results were assumed as gold standards. Correlations between the MHQ, Quick-DASH, and the DHI were analyzed. A correlation analysis between the variables was tested using Spearman' s rho test or Pearson' s test for variables. Results: The QuickDASH was well correlated with pain, paresthesia and the BCTQ (p<0.001). The questionnaires complied with each other. Conclusion: In addition to its complicated scoring, the MHQ contained detailed subparameters with similar questions and takes a long time to complete. Further studies may confirm the effective usage of the DHI. The easier QuickDASH questionnaire appears to be more practical for carpal tunnel release patients.
Carpal tunnel syndrome (CTS), one of the most common entrapment neuropathies, is a result of compression of the median nerve in the carpal tunnel of a wrist. In chronic conditions, CTS is characterized by impaired hand function and disability with clinical symptoms of pain and paresthesia, and in some cases, muscular atrophy and loss of strength. [1, 2] CTS is more prevalent between the fourth and sixth decades, and one-third of the cases require surgery. [3] Various instruments have been proposed to assess symptoms, functionality in daily life and outcomes of surgery in CTS patients. [4] [5] [6] [7] [8] [9] While these instruments have been evaluated on the basis of reliability and validity, studies still seek the ideal post-surgery outcome scoring method. Performance-based tests of hand function are not frequently used due to time constraints and the need for equipment and training. [10] For this reason, clinically useful and easily administered written questionnaires are preferred for determining a patient' s perception of difficulties in daily life and hand functionality in order to plan an appropriate and effective treatment program. The challenge lies in establishing a scoring method that objectively evaluates the hand function. [11] As comprehensive assessment tools, self-administered questionnaires are effective and sensitive to change in function and provide physical measures of recovery. [12] The Boston Carpal Tunnel Questionnaire (BCTQ) was found to be effective as electromyography testing for determining postoperative treatment outcomes of CTS patients. [2] In the literature, the Michigan Hand Outcomes Questionnaire (MHQ) and the Disabilities of the Arm, Shoulder, Hand (DASH) questionnaire are two of the most frequently used hand-specific instruments. [4, 10, 13] Both have been validated and adapted for the Turkish population. [14, 15] In addition, the Duruoz Hand Index (DHI) is also used for many hand-related disorders in Turkey. [16, 17] The aim of this was to determine the most efficacious measure for assessing patients with CTS. Questionnaires used were the BCTQ, MHQ, the quick form of the DASH and the DHI.
Patients and methods
Of the 267 patients who underwent open carpal tunnel release surgery within the prior three years at the Department of Neurosurgery at the Bezmialem Vakif Hospital, a total of 89 volunteers participated in this retrospective study. Patients who underwent surgery within three months prior to the beginning of the study were not called. A total of 44 patients were unwilling to join the study and 126 could not be reached for reasons such as changed telephone numbers or having moved out of town. Additionally, eight patients who were unable to complete questionnaires due to illiteracy or other communication problems were excluded. Study procedures were approved by the Research Ethics Board of the University and written informed consent was signed by all patients.
Sociodemographics including age, gender, education, occupation, hand dominance, side of involvement and operation date were recorded. The intensity of the pain and paresthesia symptoms during the day were analyzed using the visual analog scale (VAS), which indicates a range of complaints from 0 (absent) to 10 (severe). [3] Commonly used hand-related questionnaires were administered. Patients were asked to respond consecutively and appropriately as the questions related to their affected hands. As missing responses can compromise the validity of the questionnaires, patients were monitored to assure completion of all questions. [4, 11] We helped patients understand any question that was unclear.
The Turkish version of the BCTQ as validated by Sezgin et al. [18] is a self-report measure of CTS that evaluates two domains. The symptom severity scale (BC-TQ-SS) assesses 11 items related to hand pain severity, numbness and weakness; and the functional status scale (BCTQ-FS) assesses the ability to perform hand-related activities according to an eight-item scale. Each item asks the severity or difficulty from 1 to 5, with higher scores indicating increasing severity of the symptoms. [2, 18] The MHQ distinguishes between the left and right hands over six parameters, including overall hand function, activities of daily living, work performance, pain, aesthetics, and patient satisfaction with function. Each parameter is scored from 0 to 100, where lower scores show more severe disability, with the exception of the pain parameter in which the opposite holds true. [5] The QuickDASH, a short version of the DASH outcome measure, uses 11 items to measure physical functions and symptoms, in addition to two optional scales concerning the ability to work, do sports and play musical instruments. [19] We did not request participants to complete these optional parts. Each item is scored between 1 and 5, ranging from no difficulty/no symptoms to unable to perform activity/very severe symptoms. Results of the summation and transformation of the scores from all items showed that the scores of the subscales of the QuickDASH ranged from 0 (no disability) to 100 (the most severe disability). [20] The DHI, also called the Hand Functional Disability Scale or the Cochin Scale, was used to assess hand-related activity limitations and functional performance. [16] The DHI contains 18 activities commonly performed by hand in the kitchen, or during activities of dressing, doing personal hygiene and office tasks, in addition to other general items. Ability is rated from 0 (no difficulty) to 5 (impossible to do). Scores for kitchen tasks range from 0 to 40. Scores for dressing, hygiene, and office tasks range from 0 to 10. Scores for the ' other' category range from 0 to 20. The maximum total score is 90, with higher scores indicating severe activity limitation or more difficulty. [17] An initial power calculation indicated that a sample size of 84 was required based on correlation coefficients (r) exceeding 0.30 and power set at 80% to yield a statistically significant result. Data were analyzed using the SPSS software v.18.0 (SPSS Inc., Chicago, IL, USA).
Descriptive data were presented as mean and standard deviation (SD). Categorical data were given as counts and percentage. Correlation analysis between the variables was tested using Spearman' s rho test for nonnormally distributed variables and Pearson' s test for normally distributed variables where the BCTQ, pain, and paresthesia results were assumed as gold standards.
Multiple linear regression analysis was tested with backward elimination method for each the BCTQ, pain, and paresthesia as dependent variables. Normal distribution was verified with the Kolmogorov-Smirnov test. Statistical significance was based on a value of p<0.05.
Results
Of the 89 patients evaluated in this study, 80 (89.9%) were women. Of these, 71 (79.8%) were housewives and the other 9 (10.1%) were cleaners. The 9 males (10.1%) were repairmen. Table 1 shows demographic features of the patients. Mean pain and paresthesia symptoms and questionnaire scores of the subjects are presented in Table 2 . Table 3 shows the correlations of the MHQ, the QuickDASH and the DHI with pain, paresthesia and the BCTQ. Of the subparameters of the MHQ, the best correlation of overall hand function of both hands was via the BCTQ-SS (p<0.001). The best correlation of activities of daily living of both hands together and also separately was found with the BCTQ (p<0.001). Work performance was not correlated with paresthesia or the BCTQ (p>0.05). Pain and satisfaction-right hand parameters were well correlated with pain and the BCTQ (p<0.001). Aesthetics was not correlated with any of the other parameters (p>0.05). The QuickDASH was well correlated with all variables (p<0.001). The DHI was well correlated with pain and both subparameters of the BCTQ (p<0.001).
In the model applied for pain (R²=0.30), overall hand function-left, activities of daily living-left and pain subparameters of the MHQ were significant within the remaining variables (p values were 0.015, 0.003, and 0.017, respectively). In the model for paresthesia (R²=0.39), overall hand function-right and left, satis- Table 2 . Pain and paresthesia symptoms and questionnaire scores of the subjects. faction-right subparameters of the MHQ, the Quick-DASH, the DHI-others and DHI total scoring were significant (p values were 0.013, 0.003, 0.021, 0.000, 0.023 and 0.019, respectively). In the model for BCTQ-SS (R²=0.55), overall hand function-left, activities of daily living-both, work performance, satisfaction-right subparameters of the MHQ, the QuickDASH, and the DHI-dressing were significant (p values were 0.016, 0.006, 0.001, 0.001, 0.001, 0.032, respectively). In the model for BCTQ-FS (R²=0.58), work performance, pain, aesthetic-left subparameters of the MHQ, the QuickDASH, the DHI-dressing, the DHI-office tasks and the DHI-others were significant (p values were 0.012, 0.003, 0.048, 0.000, 0.007, 0.004, 0.027, respectively). The QuickDASH was more significant with dependent variables than other questionnaires. Table 4 presents the internal correlations of questionnaires. Results showed that the correlation of the aesthetic parameters of the MHQ with the DHI was weaker than with the other parameters. Total scores of the MHQ were well correlated with the QuickDASH and all parameters of the DHI (p<0.001). The Quick-DASH was well correlated with all parameters of the DHI (p<0.001).
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Discussion
In this study, we used questionnaires showing perception of difficulties in hand functions of patients with CTS to correlate these questionnaires with symptoms and functions of the patients. Of the most commonly used questionnaires, the QuickDASH was more practical and effective than the MHQ and the DHI.
The MHQ correlates with the DASH. The clinical relevance of both questionnaires were high. [21] Oksuz et al. reported that the MHQ and the DASH can be used effectively in patients with different hand injuries. [11] McMillan and Binhammer indicated that the DASH and the MHQ are suitable for surgery-related outcome research to treat CTS. [4] In another study, the BCTQ showed strong positive correlations with the DASH and was recommended to assess postoperative patient-related outcome measures for CTS. [22] As severity scoring using the BCTQ preoperatively is predictive of outcome with therapy, it can be used to identify patients who are likely to respond to treatment. [2] In our study, almost all the subparameters of the MHQ were correlated with pain, paresthesia and the BCTQ. The aesthetic parameters of this questionnaire was not correlated with the DHI and the QuickDASH, because they do not contain this parameter. One advantage of the MHQ is its many detailed subparameters while another is that it assesses both hands separately; therefore, the MHQ might be chosen when comparison is needed. On the other hand, the disadvantages of the MHQ are that it takes a long time to complete, has a complicated scoring method and contains questions quite similar to each other. Shorter questionnaires are preferable as they can be completed quickly by the patients and are less burdensome.
The QuickDASH is reliable and valid for patients with CTS and should be chosen due to its ease of administration. [19] In our study, the QuickDASH was well correlated with pain, paresthesia and the BCTQ. Although the QuickDASH is an effective questionnaire that evaluates functions and symptoms, it does not separately show disability scores of both hands. [11] Another disadvantage of the QuickDASH compared to the DHI is that an additional calculation is needed in order to obtain the final score.
In previous studies, the MHQ and the QuickDASH questionnaires showed significant postoperative improvement in hand function in CTS patients. [4, 10] Our study did not assess responsiveness and future studies should be more effective in using these questionnaires.
Some studies have indicated the DHI for use as both a descriptive outcome measure for assessing hand function and the effectiveness of clinical and therapeutic interventions in patients with stroke, scleroderma and diabetes mellitus. [17, 23, 24] In our study, all subparameters of the DHI were correlated with pain, paresthesia, the BCTQ and the QuickDASH. The DHI and the QuickDASH can probably be used alternatively. They are also relevant, easy to understand and have a short completion time.
As their application and scoring are more practical, they are effective questionnaires in assessing hand disability and should be chosen for patients with CTS. While the QuickDASH is accepted and well-known worldwide, further studies might confirm the effective usage of the DHI in order to determine self-report of functionality and to allow more precise treatment planning. One of the advantages of our study was that patients had no difficulty understanding questions, since the MHQ and the QuickDASH were culturally adapted to Turkish people and the DHI was authentically Turkish. An additional advantage was the limitation of the study group to patients with a confirmed diagnosis of CTS, which the questionnaires were specifically designed for.
A disadvantage of ours study was the lack of preoperative outcomes of the questionnaires and postoperative follow-up. Further studies that clarify the assessment questionnaire and that best represents the patient' s condition by comparing patients preoperative outcomes to the postoperative ones would be useful.
In conclusion, each questionnaire correlated with the other two in many parameters and may be used instead of each other. The QuickDASH appears to be more practical and effective than the MHQ and the DHI. However, the most appropriate scoring method for patients should be chosen depending on the advantages and disadvantages of these three instruments. We believe that the use of simpler means of scoring will aid in studies where notable amounts of time and effort are required for assessment. Future scientific and evidencebased studies are needed.
